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Description

Field of the Invention

[0001] This invention relates to the field of power dis-
tribution technologies, and in particular to a method and
a system for implementing feeder automation in a power
distribution network.

Background of the invention

[0002] Feeder automation (FA) is an important aspect
of power distribution automation. A most common archi-
tecture currently employed for FA systems is a so called
centralized architecture. In an FA system of the central-
ized architecture, a master station usually located in a
central control room is responsible for managing the
overall operation of the system. The master station re-
ceives data and signals from slave stations, analyzes the
data and signals to determine the operational status of
the power network, and makes decision on control and
operation schemes to be performed, then generates
command signals accordingly, and sends the generated
command signals to slave stations to conduct the decid-
ed control and operation schemes. A slave station is usu-
ally provided for each substation and located in the re-
spective substation. The slave station is responsible for
transferring data, signals and command signals between
the master station and feeder terminal units (FTU) in com-
munication with the slave station. An FTU is provided on
each feeder. The FTU includes Tie-switches, section
switches, means for collecting information on the current
and voltage of the connected feeder and states of the
Tie-switches and section switches, means for generating
signals of the current, voltage, load power and states of
the Tie-switches and section switches from the collected
information, and means for sending the signals to the
slave station. Upon receiving a signal of, for example,
fault from a slave station, the master station will control
FTUs through a slave station to perform a series of ac-
tions such as fault detection, fault isolation, and service
restoration (FDIR).
[0003] In this commonly employed architecture, the
master station plays an indispensable role in the system.
All local operational signals such as the current, voltage,
load power, and switch states must be transferred to the
master station, and commands from the master station
are transferred to the FTU via slave stations for the FTU
to perform corresponding operations. This brings about
heavy requirement on the bandwidth of communication
channels between the master station and the slave sta-
tions as well as between the slave stations and corre-
sponding FTUs. Further, once a communication channel
is in fault, said FDIR will become unavailable. Another
disadvantage of the strategy is the time delay due to com-
munication that may lead to un-prompt response to faults,
which may cause severe damage to electricity consum-
ers.

[0004] To address this issue, the Chinese patent pub-
lication CN1835334A titled "Non-master station trans-
mission and distribution network control method", grant-
ed to SHANGHAI SUNRISE-POWER AUTOMATION
CO. proposes a method for controlling a transmission &
distribution network without a master station. As is well
known, upon occurrence of a fault on a feeder, a circuit
breaker (CB) provided between the feeder and the cor-
responding substation will trip immediately. To treat the
fault situation, the method comprises steps of: (1) fault
detection: relevant FTUs detect abnormal powers, and
send fault information to all other FTUs on the same feed-
er; (2) fault locating: based on the fault information, all
the FTUs on the feeder determine the fault point; (3) fault
isolation: the FTU directly associated with the fault point
opens its section switch, and instructs its downstream
FTUs to open their section switches; (4) reporting switch
opening: the FTU associated with the fault point and its
downstream FTUs send section switch state information
to other FTUs upon opening their respective section
switches; (5) CB closing: switching on the tripped CB; (6)
power supply restoration: restoring power supply to
nodes isolated from the fault point.
[0005] In the solution proposed in CN1835334A, the
FTU that detected a fault will send fault information to all
other FTUs on the feeder, the FTU associated with the
fault will send commands to all its downstream FTUs,
and the FTUs that opened their section switches will re-
port their section switch states to all other FTUs on the
feeder. Therefore, communication traffic between FTUs
is quite heavy, and there is high requirement on the band-
width of the communication channels between the FTUs.
Further, to implement the method, each FTU needs to
know the overall configuration of the feeder. Therefore,
when a node on the feeder is changed, reconfiguration
shall be conducted on each FTU, which is a difficult task
especially in case of a feeder with a large number of
FTUs.
[0006] Chinese patent publication CN1147982C titled
"Method for implementing power distribution automa-
tion", granted to QIANJIN ELECTRIC APPLIANCE IND
discloses a method for implementing a power distribution
system. In this method, an FTU monitors the operational
status of section switches and processes fault locally,
and sends data regarding the processing to a network
communication unit. Communication units of different
nodes communicate with each other, so as to cooperate
with each other in processing faults in their respective
domains.
[0007] In the solution proposed in CN1147982C, an
FTU can only control a feeder that is only connected to
the FTU, that is, a feeder both ends of which are in the
domain of the FTU. But in service restoration following a
fault, an FTU needs to be able to control feeders in other
domains to minimize the influence of the fault on elec-
tricity consumers.
[0008] The publication from JIYUAN FAN ET AL titled
"Feeder Automation within the Scope of Substation Au-
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tomation" dated 2006-10-29 proposes a dual feeder ter-
minal unit installed on a tie-switch linking two feeders that
belong to two different substations.
[0009] Document EP0948111 A2 titled "Fault protec-
tion arrangements and methods for electric power distri-
bution systems" proposes the use of two real tie-switch-
es, each tie-switch belonging to a respective domain and
being controlled by the respective controller of the do-
main.
[0010] Document US5973899A titled "Automated
power feeder restoration system and method" discloses
a feeder automation system with a dedicated controller
configured to operate a tie-switch provided between two
domains of a power distribution network.
[0011] Accordingly, there exists a need in the art to
improve the existing technologies to facilitate more effi-
cient and reliable fault processing with simplified config-
uration.

Disclosure of the invention

[0012] In view of the above situation in the prior art,
the present invention has been made to provide a solution
with which the requirement on bandwidth of communica-
tion channels is reduced, response to a fault is efficient,
influence of network modification on the feeder automa-
tion system is restricted in limited domains, and re-con-
figuration of the feeder automation system following net-
work modification is simplified.
[0013] In one aspect of the present invention, there is
provided a method for operating a feeder automation sys-
tem comprising: a first domain comprising a first slave
station; a second domain comprising a second slave sta-
tion; and a tie-switch provided between the first domain
and the second domain; wherein the first slave station is
adapted to operate the tie-switch directly, and the second
slave station is adapted to operate the tie-switch through
the first slave station.
[0014] In a preferred embodiment of the present inven-
tion, the tie-switch is configured as a real tie-switch in the
first slave station, and as a virtual tie-switch in the second
slave station.
[0015] In a further preferred embodiment of the present
invention, the first slave station comprises the configu-
ration of the first domain, and the first slave station com-
prises means for supervising and operating the first do-
main. The second slave station comprises the configu-
ration of the second domain, and the second slave station
comprises means for supervising and operating the sec-
ond domain.
[0016] The feeder automation system of the present
invention may also comprise a master station in commu-
nication with the first slave station and the second slave
station. The first domain comprises a terminal device in
communication with the first slave station, and the sec-
ond domain comprises a terminal device in communica-
tion with the second slave station.
[0017] In another aspect of the present invention, there

is provided a method for operating a feeder automation
system as described above comprising: detecting, by the
first slave station, a fault in the first domain; determining,
by the first slave station, the location of the fault in the
first domain; isolating, by the first slave station, the loca-
tion of the fault in the first domain; and restoring, by the
first slave station, power supply to the first domain.
[0018] In a preferred embodiment, restoring power
supply to the first domain further comprises: searching,
by the first slave station in the first domain, an available
route to a connectivity node that is to be restored with
power supply comprising the tie-switch; sending, by the
first station, a request to the second slave station to in-
quire if there is an available route to the tie-switch in the
second route; receiving, by the first slave station, a re-
sponse from the second slave station indicating that there
is an available route to the tie-switch in the second do-
main; closing, by the first slave station, the tie-switch.
[0019] The response may comprise information of load
capacity of the route in the second domain, and prior to
closing the tie-switch, the method further comprises de-
termining, by the first slave station, whether the capacity
of the route in the second domain matches the require-
ment of the connectivity node.
[0020] In embodiments of the present invention, the
first slave station regularly reports the state of the tie-
switch and the energization state of the feeder in the first
domain connected to the tie-switch to the second slave
station, and the second slave station regularly reports
the energization state of the feeder in the second domain
connected to the tie-switch to the first slave station.
[0021] In embodiments of the present invention, the
first slave station receives information from a feeder ter-
minal unit in the first domain prior to detecting the fault;
and the second slave station receives information from
a feeder terminal unit in the second domain.
[0022] The information received by the first slave sta-
tion may comprise the current and voltage of a feeder
and the state of a switch supervised by the feeder termi-
nal unit in the first domain, and the information received
by the second slave station may comprise the current
and voltage of a feeder and the state of a switch super-
vised by the feeder terminal unit in the second domain.
[0023] If a fault occurs in the second domain, the meth-
od for operating the feeder automation system compris-
es: detecting, by the second slave station, a fault in the
second domain; determining, by the second slave sta-
tion, the location of the fault in the second domain; iso-
lating, by the second slave station, the location of the
fault in the second domain; and restoring, by the second
slave station, power supply to the second domain.
[0024] In this case, restoring power supply to the first
domain may further comprise: searching, by the second
slave station in the second domain, an available route to
a connectivity node that is to be restored with power sup-
ply comprising the tie-switch; sending, by the second sta-
tion, an inquiry request to the first slave station to inquire
if there is an available route to the tie-switch in the first
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route; receiving, by the second slave station, a response
from the first slave station indicating that there is an avail-
able route to the tie-switch in the first domain; sending,
by the second slave station, an operation request to the
first slave station to close the tie-switch; and receiving,
by the second slave station, a report of closing the tie-
switch from the first slave station.
[0025] The response may comprise information of the
load capacity of the route in the first domain, and prior to
closing the tie-switch, the method may further comprise
determining, by the second slave station, whether the
capacity of the route in the first domain matches the re-
quirement of the connectivity node.

Brief Description of the Drawings

[0026]

Fig.1 is a schematic diagram showing a general
structure of a feeder automation system for imple-
menting embodiments of the present invention;

Fig.2 is a diagram showing the multi-agent concept
of the present invention;

Fig.3 illustrates different configuration of a same Tie-
switch in different domains in the present invention;

Fig.4 shows the specific communication between
two slave stations in a process of service restoration;

Figs.5-7 show an example of fault processing in the
feeder automation system of the present invention.

[0027] In all the drawings, a solid circle indicates a
closed tie-switch or section switch, a hollow circle indi-
cates an opened tie-switch or section switch. A solid rec-
tangle indicates a closed CB, and a hollow rectangle in-
dicates an opened CB.

Preferred Embodiments of the Invention

[0028] Fig.1 shows a general structure of a feeder au-
tomation system for implementing embodiments of the
present invention. This feeder automation system is a 3
source network including 3 domains: Domain 1, Domain
2, and Domain 3. But as apparent to those skilled in the
art, this is just an example for illustrating the principle of
the present invention, and the present invention is not
limited to this specific example.
[0029] Each domain includes a slave station (not
shown). In the following description, the slave station of
Domain 1 is indicated as slave station 1, the slave station
of Domain 2 is indicated as slave station 2, and the slave
station of Domain 3 is indicated as slave station 3. Each
domain also includes Intelligent Electronic Devices (IED)
like FTU, DTU (Distribution Terminal Unit), and TTU
(Transformer Terminal Unit), and primary equipment

controlled by the IEDs, like Tie-switches or section
switches. In Domain 1, power supply is introduced into
the FA system from a bus bar BB1 through circuit breaker
CBR1 provided on the inlet line. L1, L2 and L3 are three
connectivity nodes to which electricity consumers are
connected. The electricity consumers can be end users
or lower level substations. Between two adjacent con-
nectivity nodes, a section switch is provided. For exam-
ple, a section switch Dis 1 is provided between connec-
tivity nodes L1 and L2, Dis 2 is provided between con-
nectivity nodes L2 and L3.
[0030] Similarly, in Domain 2, power supply is intro-
duced into the network from a bus bar BB2 through a
circuit breaker CBR2. And connectivity nodes L4 and L5
and section switches Dis 3, Dis 4 belong to this domain.
In domain 3, power supply is introduced into the network
from a bus bar BB3 through a circuit breaker CBR3. And
connectivity nodes L6, L7, L8 and L9 and section switch-
es Dis 6, Dis 8 and Dis 9 belong to this domain.
[0031] According to relevant specifications, in a net-
work supplied by more than one power sources, each
power source supplies a part of the sub-network in normal
operation, and each part supplied by a power source is
isolated from other parts via a Tie-switch. In Fig.1, the
parts supplied by the 3 power sources are isolated from
each other via Tie-switches Dis 3, Dis 5 and Dis 7 re-
spectively. And the Tie-switches Dis 3, Dis 5 and Dis 7
each constitute a boundary of a respective domain. In
normal operation, the boundary Tie-switches are
opened.
[0032] As indicated in Fig.1, the boundary Tie-switches
Dis 3, Dis 5, and Dis 7 each belongs to more than one
domain. Dis 3 belongs to Domain 1 and Domain2, Dis 5
belongs to Domain 1 and Domain 3, and Dis 7 belongs
to Domain 2 and Domain 3. That means Dis 3 can be
operated by both slave station 1 and slave station 2, Dis
5 can be operated by both slave station 1 and slave sta-
tion 3, and Dis 7 can be operated by both slave station
2 and slave station 3.
[0033] To avoid misoperation on the boundary Tie-
switches, slave stations that control a same Tie-switch
shall cooperate with each other. In one embodiment of
the present invention, a boundary Tie-switch is config-
ured as a real Tie-switch in one domain, and in another
domain, the boundary Tie-switch is configured as a virtual
Tie-switch. For example, Dis 3 can be configured as a
real Tie-switch in Domain 1, and as a virtual Tie-switch
in Domain 2. Dis 5 can be configured as a real Tie-switch
in Domain 3, and as a virtual Tie-switch in Domain 1. Dis
7 can be configured as a real Tie-switch in Domain 2,
and as a virtual Tie-switch in Domain 3.
[0034] Refer to Fig.3, a real Tie-switch is indicated in
the domain as a solid-line circle, while a virtual Tie-switch
is indicated in the domain as a broken-line circle. Dis 3
is a real Tie-switch of Domain 1, and a virtual Tie-switch
of Domain 2.
[0035] A slave station can directly operate a real Tie-
switch. But to operate a virtual Tie-switch, it needs to
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send a request to the slave station of which the Tie-switch
is a real one. For example, slave station 1 can operate
Dis 3 directly, because Dis 3 is a real Tie-switch of this
slave station. If slave station 1 is to operate Dis 5, it needs
to send an operating request to slave station 3, and the
slave station 3 operates Dis 5 according to the request
and other operational conditions, because Dis 5 is a vir-
tual Tie-switch of slave station 1, and a real Tie-switch
of slave station 3.
[0036] A slave station reports the status of the bound-
ary Tie-switch that is a real Tie-switch of it to the slave
station of which the Tie-switch is a virtual one. In the
embodiment shown in Fig.3, slave station 1 reports the
status of the Tie-switch Dis 3 to slave station 2, because
Dis 3 is a real Tie-switch of slave station 1, and a virtual
Tie-switch of slave station 2.
[0037] With the above architecture, a slave station will
perform certain controls and operations independently
without intervention from other slave stations or a master
station. For example, in case of a fault, the slave station
can detect the fault, determine the location of the fault
and isolate the fault independently. To restore power sup-
ply stopped by a fault, the slave station needs to ex-
change limited information with other slave stations,
which will be described in detail later.
[0038] As discussed above, in the present invention,
various controls and operations are performed by slave
stations without intervention from a master station.
Therefore, slave stations play important roles in the sys-
tem. Conceptually, each slave station acts as an agent
of the master to execute various functions of the master
station.
[0039] Fig.2 is a diagram showing the multi-agent con-
cept of the present invention. The FA system shown in
Fig.2 includes 3 levels, a master station level, a slave
station level, and a terminal level. The master station
takes overall management of the FA system, controls
coordination among different slave stations, and exe-
cutes, for example, optimization computations and in-
structs the slave stations to operate accordingly to
achieve optimal operation of the whole system. The slave
stations take management of their respective domains,
and cooperate with other slave stations in case of abnor-
mal situations to provide reliable and high quality services
to power consumers. Terminal level devices include
FTUs, TTUs and DTUs. They supervise and operate their
respective primary equipment under control of their re-
spective slave stations, collect data and signals from their
supervised primary equipment, and send the collected
data and signals to the respective slave stations.
[0040] To cooperate with each other, the slave stations
communicate with each other to exchange data and sig-
nals. Data and signals exchanged between the slave sta-
tions include those necessary for fault restoration, mainly
status of a boundary Tie-switch and energization condi-
tions of associated connectivity nodes. Fig.3 illustrates
different configuration of a same Tie-switch in different
domains.

[0041] As mentioned above, Dis 3 is a real Tie-switch
of Domain 1 and a virtual Tie-switch of Domain 2. In this
case, slave station 1 regularly gets the status of Dis 3,
and reports the status of Dis 3 to slave station 2. Slave
station 1 also reports the energization condition of the
connectivity node L3 to slave station 2 regularly. Similar-
ly, slave station 2 reports the energization condition of
the connectivity node L4 to slave station 1 regularly.
[0042] In another embodiment, data and signals ex-
changed between the slave stations further include load
capacity of their respective domains.
[0043] In the following, the principle of the present in-
vention will be illustrated in more details through an ex-
ample of fault processing by reference to figures 4-7.
[0044] Fig.5 shows a situation where in the power net-
work shown in Fig.1, an over-current fault occurs at con-
nectivity node L8. In this case, the circuit breaker CBR3
will trip, and connectivity nodes L6, L7, L8, and L9 will
lose power. Domain 1 and domain 2 will not be influenced
because they are isolated from the fault point by Tie-
switches Dis 5 and Dis 7.
[0045] Upon occurrence of the fault, slave station 3 will
determine according to information from Dis 6, Dis 8, and
Dis 9 that the fault is in connectivity node L8. This process
is called fault detection.
[0046] After fault detection, slave station 3 will open
section switches Dis 6, Dis 8, and Dis 9 to isolate the
fault connectivity node L8. After fault isolation, the circuit
breaker CBR 3 can be closed to restore power supply to
connectivity node L9. This is referred to as inner resto-
ration. Apparently connectivity nodes L6 and L7 can not
get power through inner restoration. Fig.6 shows the sta-
tus of the network at this point.
[0047] Since no fault occurs for connectivity nodes L6
and L7, the system will try to restore power supply service
to these two nodes to minimize the influence of the fault
to the whole system.
[0048] To restore power supply to the suffered nodes,
slave station 3 will firstly find available routes including
Tie-switches to these nodes in its own domain. Taking
L6 as an example, since Dis 5→L6 is an available route
to L6 that includes a Tie-switch Dis 5, slave station 3 will
try to turn on the route, so that power from BB1 can be
supplied to L6. In the present specification, an available
route means a rout through which power can be trans-
mitted.
[0049] The specific communication between two slave
stations in a process of service restoration is illustrated
in Fig. 4.
[0050] As shown in Fig.4, if a slave station (for exam-
ple, slave station 3) is suffered from a fault, it will perform
fault detection and isolation as well as inner service res-
toration by itself. After that, it will cooperate with other
slave stations to restore power supply to other suffered
connectivity nodes. Messages exchanged between the
slave station and an opposite slave station include:
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HasAvailableRoute Request

[0051] For example, slave station 3 will firstly find a
route comprising a Tie-switch in Domain 3 to the suffered
connectivity node (L6, in this example). As shown in Fig.
6, there is a route Dis 5→L6 in Domain 3 available to L6,
and this route includes a Tie-switch Dis 5. Then slave
station 3 will send the request to slave station 1 to inquire
if there is an available route to the suffered connectivity
node (L6 in this case) in Domain 1, because the Tie-
switch Dis 5 also belongs to Domain 1.

HasAvailableRoute Response

[0052] Upon receiving the HasAvailableRoute Re-
quest, slave station 1 will search for an available route
to the Tie-switch Dis 5 and respond with HasAvailableR-
oute Response. The message HasAvailableRoute Re-
sponse is a binary variable. If the value of this variable
is TRUE, it means that there is an available route in Do-
main 1. If the value of this variable is FALSE, it means
that there is no available route in Domain 1.
[0053] As a result of the search, the route
BB1→BBR1→L1→Dis 1→L2→Dis 5 will be determined
by slave station 1 as an available route to Dis 5. Then
slave station 1 will respond to slave station 3 with TRUE.
[0054] In an embodiment, if slave station 1 finds an
available route to Dis 5, it will also calculate the capacity
of this route and send capacity data together with a TRUE
response to slave station 3.

Operate Request

[0055] If slave station 3 receives a TRUE response and
the capacity data from slave station 1, it will determine
whether the capacity of domain 1 matches the load re-
quirement of L6. If yes, slave station 3 will operate to
close Dis 5, since Dis 5 is a real Tie-switch of Domain 3
and under direct control of slave station 3. In case Dis 5
is a virtual Tie-switch of Domain 3, slave station 3 will
send an Operate Request to slave station 1 to request
slave station 1 to close Dis 5. If the capacity of domain
1 does not match the load requirement of L6, slave station
3 will try to request other slave station, for example, slave
station 2, to provide power supply to L6, or just leave L6
not supplied with power and wait for trouble shooting.

Operate Response

[0056] Upon receiving the Operate Request to close a
real Tie-switch Dis 5, slave station 1 will operate to close
Dis 5 and report the operation result to slave station 3.
[0057] The process of restoring service to the connec-
tivity node L7 is similar to the process of restoring service
to L6 as discussed above, and the details of which will
not be described again.
[0058] Fig.7 shows the status in which the fault is iso-
lated and service is restored for connectivity nodes with-

out fault. As shown in Fig.7, power is supplied to L6 from
BB1 through the Tie-switch Dis 5, and to L7 from BB2
through the Tie-switch Dis 7.
[0059] It is appreciated from the above description that
the slave stations independently act as agents of the
master station, and cooperate with each other to fulfill
the FDIR functions without communication with the mas-
ter station. Accordingly, communication channel failure
from the master station to slave stations will not influence
performance of FDIR functions. Further, since each slave
station only comprises configurations of its own domain,
once a change occurs in a domain, only the slave station
of the specific domain needs to be reconfigured.
[0060] The principle of the present invention has been
illustrated by way of specific embodiments with reference
to the drawings, though the skilled in the art should ap-
preciate that the embodiments are just illustrative but can
not be considered as limiting the scope of the invention
that is defined by the accompanying claims.

Claims

1. A feeder automation system comprising:

a first domain (Domain 1) comprising a first slave
station;
a second domain (Domain 2) comprising a sec-
ond slave station; and
a tie-switch (DIS3) provided between the first
domain and the second domain; characterised
in that the first slave station is adapted to oper-
ate the tie-switch directly, and the second slave
station is adapted to operate the tie-switch
through the first slave station.

2. The feeder automation system of claim 1, wherein
the tie-switch is configured as a real tie-switch in the
first slave station, and as a virtual tie-switch in the
second slave station.

3. The feeder automation system of claim 1 or 2, where-
in the first slave station comprises the configuration
of the first domain, and the second slave station com-
prises the configuration of the second domain.

4. The feeder automation system of any one of claims
1-3, wherein the first slave station comprises means
for supervising and operating the first domain, and
the second slave station comprises means for su-
pervising and operating the second domain.

5. The feeder automation system of any of claims 1-4,
further comprises a master station in communication
with the first slave station and the second slave sta-
tion.

6. The feeder automation system of any of claims 1-5,
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wherein the first domain comprises a terminal device
in communication with the first slave station, and the
second domain comprises a terminal device in com-
munication with the second slave station.

7. A method for operating a feeder automation system
comprising: a first domain (Domain 1) provided with
a first slave station; a second domain (Domain 2)
provided with a second slave station; and a tie-switch
(DIS3) provided between the first domain and the
second domain, wherein the first slave station is
adapted to operate the tie-switch directly, and the
second slave station is adapted to operate the tie-
switch through the first slave station;
the method comprises:

detecting, by the first slave station, a fault in the
first domain;
determining, by the first slave station, the loca-
tion of the fault in the first domain;
isolating, by the first slave station, the location
of the fault in the first domain; and
restoring, by the first slave station, power supply
to the first domain.

8. The method of claim 7, wherein the restoring power
supply to the first domain further comprises:

searching, by the first slave station in the first
domain, an available route to a connectivity
node that is to be restored with power supply
comprising the tie-switch;
sending, by the first slave station, a request to
the second slave station to inquire if there is an
available route to the tie-switch in the second
domain;
receiving, by the first slave station, a response
from the second slave station indicating that
there is an available route to the tie-switch in the
second domain;
closing, by the first slave station, the tie-switch.

9. The method of claim 8, wherein the response com-
prises information of load capacity of the route in the
second domain, and prior to closing the tie-switch,
the method further comprises determining, by the
first slave station, whether the capacity of the route
in the second domain matches the requirement of
the connectivity node.

10. The method of any of claims 7-9, wherein the first
slave station regularly reports, to the second slave
station, the state of the tie-switch and the energiza-
tion state of the feeder in the first domain connected
to the tie-switch, and the second slave station regu-
larly reports the energization state of the feeder in
the second domain connected to the tie-switch to the
first slave station.

11. The method of any of claims 7-10 further comprising:

prior to detecting the fault,
receiving, by the first slave station, information
from a feeder terminal unit in the first domain;
and
receiving, by the second slave station, informa-
tion from a feeder terminal unit in the second
domain.

12. The method of claim 11, wherein the information re-
ceived by the first slave station comprises a current
and a voltage of a feeder and a state of a switch
supervised by the feeder terminal unit in the first do-
main, and the information received by the second
slave station comprises a current and a voltage of a
feeder and a state of a switch supervised by the feed-
er terminal unit in the second domain.

13. A method for operating a feeder automation system
comprising: a first domain (Domain 1) provided with
a first slave station; a second domain (Domain 2)
provided with a second slave station; and a tie-switch
(DIS3) provided between the first domain and the
second domain, wherein the first slave station is
adapted to operate the tie-switch directly, and the
second slave station is adapted to operate the tie-
switch through the first slave station;
the method comprises:

detecting, by the second slave station, a fault in
the second domain;
determining, by the second slave station, the lo-
cation of the fault in the second domain;
isolating, by the second slave station, the loca-
tion of the fault in the second domain; and
restoring, by the second slave station, power
supply to the second domain.

14. The method of claim 13, wherein the restoring power
supply to the second domain further comprises:

searching, by the second slave station in the
second domain, an available route to a connec-
tivity node that is to be restored with power sup-
ply comprising the tie-switch;
sending, by the second slave station, an inquiry
request to the first slave station to inquire if there
is an available route to the tie-switch in the first
domain;
receiving, by the second slave station, a re-
sponse from the first slave station indicating that
there is an available route to the tie-switch in the
first domain;
sending, by the second slave station, an oper-
ation request to the first slave station to close
the tie-switch; and
receiving, by the second slave station, a report
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of closing the tie-switch from the first slave sta-
tion.

15. The method of claim 14, wherein the response com-
prises information of load capacity of the route in the
first domain, and prior to sending the operation re-
quest to the first slave station to close the tie-switch,
the method further comprises determining, by the
second slave station, whether the capacity of the
route in the first domain matches the requirement of
the connectivity node.

Patentansprüche

1. Ein Feeder-Automationssystem, umfassend:

eine erste Domäne (Domain 1), die eine erste
Nebenstation umfasst;
eine zweite Domäne (Domain 2), die eine zweite
Nebenstation umfasst; und
einen Tie-Schalter (DIS3), der zwischen der ers-
ten Domäne und der zweiten Domäne bereitge-
stellt ist;
dadurch gekennzeichnet, dass die erste Ne-
benstation angepasst ist, um den Tie-Schalter
direkt zu steuern, und die zweite Nebenstation
angepasst ist, um den Tie-Schalter durch die
erste Nebenstation zu steuern.

2. Das Feeder-Automationssystem gemäß Anspruch
1, wobei der Tie-Schalter in der ersten Nebenstation
als ein realer Tie-Schalter und in der zweiten Neben-
station als ein virtueller Tie-Schalter eingerichtet ist.

3. Das Feeder-Automationssystem gemäß Anspruch
1 oder 2, wobei die erste Nebenstation die Konfigu-
ration der ersten Domäne umfasst, und die zweite
Nebenstation die Konfiguration der zweiten Domäne
umfasst.

4. Das Feeder-Automationssystem gemäß einem der
Ansprüche 1-3, wobei die erste Nebenstation Mittel
umfasst, um die erste Domäne zu überwachen und
zu steuern, und die zweite Nebenstation Mittel um-
fasst, um die zweite Domäne zu überwachen und zu
steuern.

5. Das Feeder-Automationssystem gemäß einem der
Ansprüche 1-4, weiter umfassend eine Hauptstation
in Kommunikation mit der ersten Nebenstation und
der zweiten Nebenstation.

6. Das Feeder-Automationssystem gemäß einem der
Ansprüche 1-5, wobei die erste Domäne eine Ter-
minalvorrichtung in Kommunikation mit der ersten
Nebenstation umfasst, und die zweite Domäne eine
Terminalvorrichtung in Kommunikation mit der zwei-

ten Nebenstation umfasst.

7. Ein Verfahren zum Steuern eines Feeder-Automati-
onssystems, umfassend: eine erste Domäne (Do-
main 1), die mit einer ersten Nebenstation versehen
ist; eine zweite Domäne (Domain 2), die mit einer
zweiten Nebenstation versehen ist; und einen Tie-
Schalter (DIS3), der zwischen der ersten Domäne
und der zweiten Domäne bereitgestellt ist, wobei die
erste Nebenstation angepasst ist, um den Tie-Schal-
ter direkt zu steuern, und die zweite Nebenstation
angepasst ist, um den Tie-Schalter durch die erste
Nebenstation zu steuern;
das Verfahren umfasst:

Erfassen eines Störfalles in der ersten Domäne
durch die erste Nebenstation;
Bestimmen des Ortes des Störfalles in der ers-
ten Domäne durch die erste Nebenstation;
Isolieren des Ortes des Störfalles in der ersten
Domäne durch die erste Nebenstation; und
Wiederherstellen der Energieversorgung zur
ersten Domäne durch die erste Nebenstation.

8. Das Verfahren gemäß Anspruch 7, wobei das Wie-
derherstellen der Energieversorgung zur ersten Do-
mäne weiter umfasst:

Suchen, durch die erste Nebenstation in der ers-
ten Domäne, eines verfügbaren Weges zu ei-
nem wieder mit Energie zu versorgenden Ver-
bindungsknotens umfassend den Tie-Schalter;
Senden einer Anfrage durch die erste Neben-
station an die zweite Nebenstation um anzufra-
gen, ob es einen verfügbaren Weg zum Tie-
Schalter in der zweiten Domäne gibt;
Empfangen einer Antwort durch die erste Ne-
benstation von der zweiten Nebenstation, die
angibt, dass es einen verfügbaren Weg zum Tie-
Schalter in der zweiten Domäne gibt;
Schließen des Tie-Schalters durch die erste Ne-
benstation.

9. Das Verfahren gemäß Anspruch 8, wobei die Ant-
wort Informationen zur Ladekapazität des Weges in
der zweiten Domäne umfasst, und das Verfahren
umfasst weiter, bevor der Tie-Schalter geschlossen
wird, ein Bestimmen durch die erste Nebenstation,
ob die Kapazität des Weges in der zweiten Domäne
den Erfordernissen des Verbindungsknotens ent-
spricht.

10. Das Verfahren gemäß einem der Ansprüche 7-9, wo-
bei die erste Nebenstation regelmäßig an die zweite
Nebenstation über den Zustand des Tie-Schalters
und den Bestromungszustand des Feeders in der
ersten Domäne, der mit dem Tie-Schalter verbunden
ist, berichtet, und die zweite Nebenstation regelmä-
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ßig den Bestromungszustand des Feeders in der
zweiten Domäne, der mit dem Tie-Schalter mit der
ersten Nebenstation verbunden ist, berichtet.

11. Das Verfahren gemäß einem der Ansprüche 7-10,
weiter umfassend:

vor der Erfassung des Störfalles, Empfangen
von Informationen von einer Feeder-Terminal-
einheit in der ersten Domäne durch die erste
Nebenstation; und
Empfangen von Informationen von einer Fee-
der-Terminaleinheit in der zweiten Domäne
durch die zweite Nebenstation.

12. Das Verfahren gemäß Anspruch 11, wobei die Infor-
mationen, die von der ersten Nebenstation empfan-
gen werden, eine Stromstärke und Spannung eines
Feeders und einen Zustand eines Schalters, die von
der Feeder-Terminaleinheit in der ersten Domäne
überwacht werden, umfassen, und die Informatio-
nen, die von der zweiten Nebenstation empfangen
werden, eine Stromstärke und Spannung eines Fee-
ders und einen Zustand eines Schalters, die von der
Feeder-Terminaleinheit in der zweiten Domäne
überwacht werden, umfassen.

13. Ein Verfahren zum Steuern eines Feeder-Automati-
onssystems, umfassend: eine erste Domäne (Do-
main 1), die mit einer ersten Nebenstation versehen
ist; eine zweite Domäne (Domain 2), die mit einer
zweiten Nebenstation versehen ist; und einen Tie-
Schalter (DIS3), der zwischen der ersten Domäne
und der zweiten Domäne bereitgestellt ist, wobei die
erste Nebenstation angepasst ist, um den Tie-Schal-
ter direkt zu steuern, und die zweite Nebenstation
angepasst ist, um den Tie-Schalter durch die erste
Nebenstation zu steuern;
das Verfahren umfasst:

Erfassen eines Störfalles in der zweiten Domä-
ne durch die zweite Nebenstation;
Bestimmen des Ortes des Störfalles in der zwei-
ten Domäne durch die zweite Nebenstation;
Isolieren des Ortes des Störfalles in der zweiten
Domäne durch die zweite Nebenstation; und
Wiederherstellen der Energieversorgung zur
zweiten Domäne durch die zweite Nebenstati-
on.

14. Das Verfahren gemäß Anspruch 13, wobei das Wie-
derherstellen der Energieversorgung zur zweiten
Domäne weiter umfasst:

Suchen, durch die zweite Nebenstation in der
zweiten Domäne, eines verfügbaren Weges zu
einem wieder mit Energie zu versorgenden Ver-
bindungsknotens umfassend den Tie-Schalter;

Senden einer Anfrage durch die zweite Neben-
station an die erste Nebenstation um anzufra-
gen, ob es einen verfügbaren Weg zum Tie-
Schalter in der ersten Domäne gibt;
Empfangen einer Antwort durch die zweite Ne-
benstation von der ersten Nebenstation, die an-
gibt, dass es einen verfügbaren Weg zum Tie-
Schalter in der ersten Domäne gibt;
Senden einer Steueranfrage durch die zweite
Nebenstation an die erste Nebenstation, um den
Tie-Schalter zu schließen; und
Empfangen eines Berichtes durch die zweite
Nebenstation von der ersten Nebenstation über
die Schließung des Tie-Schalters.

15. Das Verfahren gemäß Anspruch 14, wobei die Ant-
wort Informationen zur Ladekapazität des Weges in
der ersten Domäne umfasst, und das Verfahren um-
fasst weiter, vor dem Senden der Steueranfrage an
die erste Nebenstation zum Schließen des Tie-
Schalters, ein Bestimmen durch die zweite Neben-
station, ob die Kapazität des Weges in der ersten
Domäne den Erfordernissen des Verbindungskno-
tens entspricht.

Revendications

1. Système d’automatisation de ligne d’alimentation
comprenant:

un premier domaine (Domaine 1) comprenant
une première station esclave;
un deuxième domaine (Domaine 2) comprenant
une deuxième station esclave; et
un interrupteur d’aiguillage (DIS3) prévu entre
le premier domaine et le deuxième domaine;
caractérisé par le fait que la première station
esclave est adaptée pour faire fonctionner l’in-
terrupteur d’aiguillage directement, et la deuxiè-
me station esclave est adaptée pour faire fonc-
tionner l’interrupteur d’aiguillage à travers la pre-
mière station esclave.

2. Système d’automatisation de ligne d’alimentation
selon la revendication 1, dans lequel l’interrupteur
d’aiguillage est configuré comme un véritable inter-
rupteur d’aiguillage dans la première station esclave,
et comme interrupteur d’aiguillage virtuel dans la
deuxième station esclave.

3. Système d’automatisation de ligne d’alimentation
selon la revendication 1 ou 2, dans lequel la première
station esclave comprend la configuration du pre-
mier domaine, et la deuxième station esclave com-
prend la configuration du deuxième domaine.

4. Système d’automatisation de ligne d’alimentation
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selon l’une quelconque des revendications 1 à 3,
dans lequel la première station esclave comprend
un moyen destiné à surveiller et faire fonctionner le
premier domaine, et la deuxième station esclave
comprend un moyen destiné à surveiller et faire fonc-
tionner le deuxième domaine.

5. Système d’automatisation de ligne d’alimentation
selon l’une quelconque des revendications 1 à 4,
comprenant par ailleurs une station maître en com-
munication avec la première station esclave et la
deuxième station esclave.

6. Système d’automatisation de ligne d’alimentation
selon l’une quelconque des revendications 1 à 5,
dans lequel le premier domaine comprend un dispo-
sitif terminal en communication avec la première sta-
tion esclave, et le deuxième domaine comprend un
dispositif terminal en communication avec la deuxiè-
me station esclave.

7. Procédé pour faire fonctionner un système d’auto-
matisation de ligne d’alimentation comprenant: un
premier domaine (Domaine 1) pourvu d’une premiè-
re station esclave; un deuxième domaine (Domaine
2) pourvu d’une deuxième station esclave; et un in-
terrupteur d’aiguillage (DIS3) prévu entre le premier
domaine et le deuxième domaine, dans lequel la pre-
mière station esclave est adaptée pour faire fonc-
tionner l’interrupteur d’aiguillage directement, et la
deuxième station esclave est adaptée pour faire
fonctionner l’interrupteur d’aiguillage à travers la pre-
mière station esclave;
le procédé comprend le fait de:

détecter, par la première station esclave, un dé-
faut dans le premier domaine;
déterminer, par la première station esclave, l’en-
droit du défaut dans le premier domaine;
isoler, par la première station esclave, l’endroit
du défaut dans le premier domaine; et
rétablir, par la première station esclave, l’ali-
mentation électrique vers le premier domaine.

8. Procédé selon la revendication 7, dans lequel le ré-
tablissement de l’alimentation électrique vers le pre-
mier domaine comprend par ailleurs le fait de:

chercher, par la première station esclave dans
le premier domaine, une route disponible vers
un noeud de connectivité qui doit être rétabli
avec une alimentation électrique comprenant
l’interrupteur d’aiguillage;
envoyer, par la première station esclave, une
demande à la deuxième station esclave pour
s’informer de s’il existe une route disponible
pour l’interrupteur d’aiguillage dans le deuxième
domaine;

recevoir, par la première station esclave, une
réponse de la deuxième station esclave indi-
quant qu’il existe une route disponible pour l’in-
terrupteur d’aiguillage dans le deuxième domai-
ne;
fermer, par la première station esclave, l’inter-
rupteur d’aiguillage.

9. Procédé selon la revendication 8, dans lequel la ré-
ponse comprend des informations de capacité de
charge de la route dans le deuxième domaine et,
avant de fermer l’interrupteur d’aiguillage, le procédé
comprend par ailleurs le fait de déterminer, par la
première station esclave, si la capacité de la route
dans le deuxième domaine correspond à la condition
requise du noeud de connectivité.

10. Procédé selon l’une quelconque des revendications
7 à 9, dans lequel la première station esclave rap-
porte régulièrement à la deuxième station esclave
l’état du interrupteur d’aiguillage et l’état d’excitation
du dispositif d’alimentation dans le premier domaine
connecté au interrupteur d’aiguillage, et la deuxième
station esclave rapporte régulièrement l’état d’ali-
mentation du dispositif d’alimentation dans le
deuxième domaine connecté à l’interrupteur
d’aiguillage dans la première station esclave.

11. Procédé selon l’une quelconque des revendications
7 à 10, comprenant par ailleurs le fait de:

avant de détecter le défaut,
recevoir, par la première station esclave, des
informations d’une unité terminale de dispositif
d’alimentation dans le premier domaine; et
recevoir, par la deuxième station esclave, des
informations d’une unité terminale de dispositif
d’alimentation dans le deuxième domaine.

12. Procédé selon la revendication 11, dans lequel les
informations reçues par la première station esclave
comprennent un courant et une tension d’un dispo-
sitif d’alimentation et un état d’un interrupteur sur-
veillé par l’unité terminale de dispositif d’alimentation
dans le premier domaine et les informations reçues
par la deuxième station esclave comprennent un
courant et une tension d’un dispositif d’alimentation
et un état d’un interrupteur surveillé par l’unité ter-
minale de dispositif d’alimentation dans le deuxième
domaine.

13. Procédé pour faire fonctionner un système d’auto-
matisation de ligne d’alimentation comprenant: un
premier domaine (Domaine 1) pourvu d’une premiè-
re station esclave; un deuxième domaine (Domaine
2) pourvu d’une deuxième station esclave; et un in-
terrupteur d’aiguillage (DIS3) prévu entre le premier
domaine et le deuxième domaine, dans lequel la pre-
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mière station esclave est adaptée pour faire fonc-
tionner l’interrupteur d’aiguillage directement, et la
deuxième station esclave est adaptée pour faire
fonctionner l’interrupteur d’aiguillage à travers la pre-
mière station esclave;
le procédé comprend le fait de:

détecter, par la deuxième station esclave, un
défaut dans le deuxième domaine;
déterminer, par la deuxième station esclave,
l’endroit du défaut dans le deuxième domaine;
isoler, par la deuxième station esclave, l’endroit
du défaut dans le deuxième domaine; et
rétablir, par la deuxième station esclave, l’ali-
mentation électrique vers le deuxième domaine.

14. Procédé selon la revendication 13, dans lequel le
rétablissement de l’alimentation électrique vers le
deuxième domaine comprend par ailleurs le fait de:

chercher, par la deuxième station esclave dans
le deuxième domaine, une route disponible vers
un noeud de connectivité qui doit être rétabli
avec une alimentation électrique comprenant
l’interrupteur d’aiguillage;
envoyer, par la deuxième station esclave, une
demande d’information à la première station es-
clave pour s’informer de s’il existe une route dis-
ponible pour l’interrupteur d’aiguillage dans le
premier domaine;
recevoir, par la deuxième station esclave, une
réponse de la première station esclave indi-
quant qu’il existe une route disponible pour l’in-
terrupteur d’aiguillage dans le premier domaine;
envoyer, par la deuxième station esclave, une
demande de fonctionnement à la première sta-
tion esclave pour fermer l’interrupteur d’aiguilla-
ge; et
recevoir, par la deuxième station esclave, un
rapport de fermeture de l’interrupteur d’aiguilla-
ge de la première station esclave.

15. Procédé selon la revendication 14, dans lequel la
réponse comprend des informations de capacité de
charge de la route dans le premier domaine et, avant
d’envoyer la demande de fonctionnement à la pre-
mière station esclave pour fermer l’interrupteur
d’aiguillage, le procédé comprend par ailleurs, le fait
de déterminer, par la deuxième station esclave, si la
capacité de la route dans le premier domaine cor-
respond à la condition requise du noeud de connec-
tivité.
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